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1. This document has been translated by computer. So the translation may not reflect the 
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CLAIMS 



[Claim(s)] 

[Claim 1] The ink jet type recording head which it expands [ recording head ], and the 
pressure generating room which is open for free passage to a reservoir through a nozzle 
orifice and an ink feed hopper is contracted [ recording head ] with a piezoelectric 
transducer, and makes an ink droplet breathe out The 1 st signal which carries out 
electrical-potential-difference change with rate of change fixed in one direction from the 
electrical potential difference of arbitration, The 1 st signal generation means which 
generated the 2nd signal holding a predetermined electrical potential difference, and the 
3rd signal which carries out electrical-potential-difference change with rate of change 
fixed from said predetermined electrical potential difference to the electrical potential 
difference of said arbitration, and was connected to one terminal of said piezoelectric 
transducer, The 4th signal which carries out electrical-potential-difference change with 
rate of change fixed in one direction from the electrical potential difference of arbitration, 
The 2nd signal generation means which generated the 5th signal holding a predetermined 
electrical potential difference, and the 6th signal which changes with rate of change fixed 
from said predetermined electrical potential difference to the electrical potential 
difference of arbitration, and was connected to the other-end child of said piezoelectric 
transducer, The ink jet type recording device which consists of a control means which 
operates the 1st signal generation means and the 2nd signal generation means 
synchronizing with the timing signal from the outside. 
[Claim 2] The ink jet type recording device according to claim 1 which is 
electrical-potential-difference change which one [ said ] direction expands said pressure 
generating room, and the direction of said another side makes contract said pressure 
generating room. 

[Claim 3] The ink jet type recording device according to claim 1 by which at least one 
side of the said 1st and 2nd signal generation means is connected to said piezoelectric 
transducer through a bidirectional switching means by which said printing signal receives 
control. 

[Claim 4] The ink jet type recording device according to claim 1 with which the time 
difference of extent which does not affect the regurgitation of an ink droplet is 
established between termination of the signal from the 1st signal generation means, and 



1/9 



Japanese Publication number : 11-042772A 

generating of the signal from the 2nd signal generation means. 

[Claim 5] The ink jet type recording device according to claim 3 said whose time 

difference is 4 or less microseconds. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The field of the technique in which invention belongs] This invention relates to the drive 
technique of the ink jet recording head which used the piezoelectric transducer for the 
actuator. 
[0002] 

[Description of the Prior Art] Since the ink- jet type recording head which expands, is made 
to contract the pressure generating room which a part is constituted by the elastic plate 
and is open for free passage to a nozzle orifice with a piezoelectric transducer, and 
performs suction of ink and formation of an ink droplet can control to arbitration the 
variation rate of the piezoelectric transducer which is an actuator by the signal wave form, 
it tends to control the size of an ink droplet etc. as compared with the ink-jet type recording 
head which uses a heater element for a driving means, and is high resolution, and printing 
at high speed is possible for it. 

[0003] However, since such a piezoelectric transducer is inevitably accompanied by 
residual vibration, big residual vibration remains also after expulsion of an ink droplet, the 
behavior of a meniscus is affected, and it originates in this, and the location of the 
meniscus at the time of the next expulsion of an ink droplet may change the flight direction 
of an ink droplet as a rose and a result, and ink Myst may arise by big overshoot by the side 
of the nozzle orifice of a meniscus, and it may cause a fall to a quality of printed character. 
It is a publication number in order to solve such a problem. So that a number official report 
may see The 1st process to which a pressure generating room is made to expand, and the 
2nd process which shrinks the pressure generating room in an expansion condition, and 
makes an ink droplet breathe out from a nozzle orifice, A pressure generating room is 
made to expand to the volume smaller than the 1st process when vibration of the meniscus 
produced after expulsion of an ink droplet goes to a nozzle orifice side. The drive approach 
of detaining a meniscus inside a nozzle orifice so that vibration of the meniscus generated 
by the regurgitation of an ink droplet is drawn in a pressure generating room side, and 
vibration of a meniscus may be attenuated effectively and it may become the optimal 
location for the next expulsion of an ink droplet is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] Since change of the electrical potential 
difference from intermediate voltage to one direction and change of the electrical potential 
difference to the direction of another side are needed so that drawing 8 may see, in order to 
realize such a drive, The difference electrical potential difference VI of a maximum voltage 
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Vh and the minimum electrical potential difference VL will act on a piezoelectric 
transducer. The electronic parts which constitute a piezoelectric transducer and a drive 
circuit are asked for pressure-proofing equivalent to this, if it is in the equipment which 
needs a big variation rate for a piezoelectric transducer, what has high withstand voltage 
is needed for a piezoelectric transducer or passive circuit elements, and there is a problem 
of causing the rise of cost. The place which this invention is made in view of such a problem, 
and is made into the purpose is offering the new ink jet type recording device which can 
attain low pressure-proofing-ization of a piezoelectric transducer or electronic parts in both 
directions from intermediate voltage, using positively the property of the driving signal of 
carrying out electrical-potential-difference change. 
[0005] 

[The means for canceling a technical problem] In order to solve such a problem, it sets to 
this invention. The ink jet type recording head which it expands [ recording head ], and the 
pressure generating room which is open for free passage to a reservoir through a nozzle 
orifice and an ink feed hopper is contracted [ recording head ] with a piezoelectric 
transducer, and makes an ink droplet breathe out, The 1st signal which carries out 
electrical-potential-difference change with rate of change fixed in one direction from the 
electrical potential difference of arbitration, The 1st signal generation means which the 
3rd which carries out electrical-potential-difference change with the 2nd signal holding a 
predetermined electrical potential difference and rate of change fixed from said 
predetermined electrical potential difference to the electrical potential difference of said 
arbitration carried out signal generation, and was connected to one terminal of said 
piezoelectric transducer, The 4th signal which carries out electrical-potential* difference 
change with rate of change fixed in one direction from the electrical potential difference of 
arbitration, The 2nd signal generation means which generated the 5th signal holding a 
predetermined electrical potential difference, and the 6th signal which changes with rate 
of change fixed from said predetermined electrical potential difference to the electrical 
potential difference of arbitration, and was connected to the other-end child of said 
piezoelectric transducer, It had the control means which operates the 1st signal generation 
means and the 2nd signal generation means synchronizing with the timing signal from the 
outside. 
[0006] 

[Function] The maximum voltage of each signal generation means only acts, the variation 
rate equivalent to the sum of the electrical potential difference of each signal generation 
means produces a piezoelectric transducer, and the ink droplet of the amount of ink 
suitable for printing and a flying speed is made to breathe out. 
[0007] 

[Embodiment of the Invention] Then, based on the example illustrating the detail of this 
invention, it explains below. Drawing 1 shows one example of the ink jet type recording 
head used for this invention, the nozzle plate in which the nozzle orifice 2 was drilled, and 
3 are elastic plates, as for a passage configuration plate and 4, close both sides of the 
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passage configuration plate 3 with a nozzle plate 1 and an elastic plate 4, and, as for the 
sign 1 in drawing, the ink passage unit is constituted. 

[0008] This ink passage unit 5 has the pressure generating room 6, a reservoir 7, and the 
ink feed hopper 8 that connects these, and in response to the variation rate of the 
piezoelectric transducer 9 mentioned later, an ink droplet is breathed out from a nozzle 
orifice 2, and it attracts the ink of a reservoir 4 in the pressure generating room 6. 
[0009] 9 carries out the laminating of the electrical conducting material which is a 
piezoelectric transducer and serves as piezoelectric material 10 and internal electrodes 11 
and 12 in parallel with the expanding direction by turns, and is constituted. When 
contracting in the direction of a laminating of a conductive layer, and the right-angled 
direction in the state of charge and moving from a charge condition to a discharge condition, 
with a conductive layer and the vibrator in the so-called longitudinal-oscillation mode 
elongated in the right-angled direction The other end is being fixed to the pedestal 13 in 
the condition of having made the tip contacting the elastic plate 4 which forms the 
pressure generating room 6. 

[0010] It is constituted so that drawing 2 shows one example of the drive circuit which 
drives the ink jet type recording head mentioned above, the sign 20 in drawing may be a 
control signal generating circuit, it may have input terminals 21 and 22 and output 
terminals 23, 24, and 25, and the printing signal and timing signal from an external device 
which generate print data may input into terminals 21 and 22 and a shift clock signal, a 
printing signal, and a latch signal may output from output terminals 23, 24, and 25. 
[0011] The 1st drive signal generating circuit 26 and the 2nd drive signal generating 
circuit 28 output the driving signal later mentioned to output terminals 27 and 29 based on 
the timing signal from an external device inputted from the terminal 22. The bidirectional 
transistor 30 which receives on-o£f control in an output terminal 27 with the signal from 
the flip-flop mentioned later is minded, and they are piezoelectric transducers 9, 9, and 9.... 
The other-end child of piezoelectric transducers 9, 9, and 9 is connected to the output 
terminal 29 for one terminal again. 

[0012] Fl, Fl, and Fl .... are flip-flops which constitute a latch circuit, respectively, and F2, 
F2, and F2 .. are the flip-flops which constitute a shift register, flip-flops F2, F2, and F2 - 
the printing signal outputted from .... corresponding to each piezoelectric transducers 9 
and 9 and 9 .. is latched by flip-flops Fl and Fl and Fl .., and it is constituted so that a 
selection signal may be outputted to each bidirectional switching transistors 30 and 30 and 
30.. 

[0013] the time of drawing 3 showing one example of the control signal generating circuit 
20, being initialized in the standup of the timing signal ( drawing 6 (I)) which the sign 31 in 
drawing is a counter and is inputted from a terminal 22, and carrying out counting of the 
clock signal from an oscillator circuit 33 to the value of piezoelectric transducers 9 and 9 
and 9 .... which is in agreement with a number - the carry signal of LOW level - 
outputting -- counting - actuation is suspended. The carry signal of this counter 31 has the 
clock signal and AND of an oscillator circuit 33 taken by the AND gate, and is outputted to 
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a terminal 23 as a shift clock signal. 

[0014] Moreover, signs 34 are the piezoelectric devices 9 and 9 inputted from a terminal 21, 
and the memory which memorizes the printing data of the number of bits which is in 
agreement with 9 and are doubled and equipped also with the function which carries 
out the serial output of the printing data memorized inside synchronizing with the signal 
from the AND gate to a terminal 24 for every bit. 

[0015] The printing signal by which serial transmission is carried out from this terminal 
24 is latched to the bidirectional switching transistors 30 and 30, the flip-flops Fl, Fl, and 
Fl which constitute the above-mentioned shift register with the shift clock signal of 30 .... 
which turned into a selection signal and was outputted from the terminal 23 of a printing 
signal, and the following printing period. In addition, a latch signal ( drawing 6 (VIII)) is 
outputted from the latch signal generation circuit 35 synchronizing with falling of the 
above-mentioned carry signal. 

[0016] Drawing 4 is what shows one example of the drive signal generating circuit 26. The 
sign 40 in drawing In the 1st timing control circuit, it has two cascaded one-shot 
multivibrators Ml and M2. To each one-shot multivibrators Ml and M2, respectively Sum 
Tl= of the 1st charging time (Tel) and the 1st hold time (Thl) (Tcl+Thl), The pulse width 
( drawing 6 (II), (III)) for specifying sum T2= (Tdl+Th2) of a charging time value (Tdl) and 
the 2nd hold time (Th2) is set up. 

[0017] It is constituted so that it may turn on and off control of the transistor Q2 which 
performs charge, respectively, and the transistor Q3 which performs discharge may be 
carried out by the standup of the pulse outputted from each one-shot multivibrators Ml 
and M2, and falling. 

[0018] If the timing signal from an external device inputs into a terminal 22, the one-shot 
multivibrator Ml which constitutes the timing control circuit 40 will output the pulse 
signal ( drawing 6 (II)) of the pulse width (Tcl+Thl) beforehand set as this. If a transistor 
Ql serves as ON by this pulse signal, a capacitor Cl will be charged as it is also at the fixed 
current which becomes settled by the transistor Q2 and resistance Rl. If the terminal 
voltage of a capacitor Cl turns into supply voltage VH1 by this charge, this electrical 
potential difference will be maintained until charge actuation stops automatically and 
discharges henceforth. 

[0019] Time amount which is next equivalent to the pulse width of a one-shot 
multivibrator Ml (Tcl+Thl) = when Tl passes and this is reversed, a transistor Ql 
becomes off, and a pulse signal ( drawing 6 (III)) outputs from a one-shot multivibrator M2, 
a transistor Q3 serves as ON, and a capacitor Cl is made to discharge. This discharge is 
performed to the electrical potential difference VI predetermined with the fixed current 
which becomes settled by the transistor Q4 and resistance R3. 

[0020] As shown in drawing 6 (IV), by such charge and discharge, it goes up with fixed 
inclination on an electrical potential difference VH1 from an electrical potential difference 
VI, and in this electrical potential difference VH1, fixed time amount Th 1 is held and the 
voltage waveform which descends to VI with fixed inclination is obtained shortly. 
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[0021] Drawing 5 shows one example of the 2nd drive signal generating circuit 28, the sign 
41 in drawing is the 2nd timing control circuit, and tandem connection of the one- shot 
multivibrator M3 and the 2nd one-shot multivibrator M4 which are started by the standup 
of the one shot multivibrator M2 of the 1st timing control circuit 40 is carried out. 
[0022] The pulse width ( drawing 6 (V), (VI)) for specifying T four which is sum T3= 
(Tc2+Th3) of the 2nd charging time (Tc2) and the 3rd hold time (Th3) and the 2nd charging 
time value (Td2), respectively is set to each one-shot multivibrators M3 and M4. 
[0023] It is constituted so that it may turn on and off control of the standup of the pulse 
outputted from each one shot multivibrators M3 and M4, the transistor Q8 which performs 
charge by falling, respectively, and the transistor Q10 which performs discharge may be 
carried out. 

[0024] If the timing signal from an external device inputs into a terminal 22, the one-shot 
multivibrator M3 which constitutes the timing control circuit 41 will output the pulse 
signal ( drawing 6 (V)) of pulse width T3 (Tc2+Th3) beforehand set as this. If a transistor 
Q8 serves as ON by this pulse signal, a capacitor C2 will be charged as it is also at the fixed 
current which becomes settled by the transistor Q9 and resistance R3. If the terminal 
voltage of a capacitor C2 turns into supply voltage VH2 by this **********, this electrical 
potential difference will be maintained until charge actuation stops automatically and 
discharges henceforth. 

[0025] Time amount which is next equivalent to the pulse width of a one-shot 
multivibrator M3 (Tc2+Th3) = when T3 passes and this is reversed, a transistor Q8 
becomes off, and the pulse signal ( drawing 6 (VI)) of pulse width T3 outputs from a 
one-shot multivibrator M3, a transistor Q10 serves as ON, and a capacitor C2 is made to 
discharge. This discharge is performed to the electrical potential difference V2 
predetermined with the fixed current which becomes settled by the transistor Qll and 
resistance R4. 

[0026] As shown in drawing 6 (VII), by such charge and discharge, it goes up with fixed 
inclination on an electrical potential difference VH2 from the predetermined electrical 
potential difference V2, and in this electrical potential difference VH2, fixed time amount 
Th 3 is held and the voltage waveform which descends to V2 with fixed inclination is 
obtained shortly. 

[0027] Actuation of the equipment constituted in this way next is explained. The control 
signal generating circuit 20 is making flip-flops Fl and Fl and Fl latch the bidirectional 
switching transistors 30, 30, and 30 and the selection signal of.... between the last printing 
periods, as mentioned above. Then, an input of a timing signal ( drawing 6 (I)) operates the 
drive signal generating circuit 26 and the 2nd drive signal generating circuit 28. These 
signals are directly impressed to one terminal of a piezoelectric transducer 9 through the 
bidirectional switching transistor 30 again at the other-end child of a piezoelectric 
transducer 9. Thereby, it charges with a voltage buildup rate fixed from an electrical 
potential difference VI to an electrical potential difference VH, it contracts with constant 
speed, and a piezoelectric transducer 9 expands the pressure generating room 6. 
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[0028] The ink of a reservoir 4 flows into the pressure generating room 6 through the ink 
feed hopper 8 by expansion of this pressure generating room 6, and the meniscus of a 
nozzle orifice 2 is drawn in coincidence at the pressure generating room 6 side. If a driving 
signal reaches an electrical potential difference VH1, only the period of predetermined 
time Th 1 will maintain this electrical potential difference VHl, and will descend towards 
an electrical potential difference VI after that. 

[0029] When a driving signal descends towards an electrical potential difference VI, the 
piezoelectric transducers 9, 9, and 9 and the charge charge of.... which were charged by the 
electrical potential difference VHl discharge, it returns that is, elongates in the original 
condition, and it is made to contract the pressure generating room 6. Ink is pressurized by 
contraction of this pressure generating room 6, and the regurgitation is carried out as an 
ink droplet from a nozzle orifice 2. 

[0030] Thus, if the signal from the one-shot multivibrator M2 of the 1st timing control 
circuit 40 starts, the one "shot multivibrator M3 of the 2nd timing control circuit 41 will 
operate, the time amount of extent which does not interrupt the regurgitation of time 
amount Th 2, for example, the ink droplet for about 4 microseconds, will be set, and the 
driving signal of the 2nd drive signal generating circuit 28 will be impressed to the 
other-end child of a piezoelectric transducer 9. 

[0031] For this reason, towards an electrical potential difference VH2, at the fixed rate of a 
voltage drop, it charges with reversed polarity and a piezoelectric transducer 9 is shortly 
elongated further from the predetermined electrical potential difference V2. expanding for 
the electrical potential difference a piezoelectric transducer 9 is equivalent to the 
difference of two driving signals by this (VH11+VH2) - a variation rate is started, the 
pressure generating room 6 is shrunk, and the ink droplet equipped with the amount of ink 
suitable for printing and the flying speed is made to breathe out 

[0032] Since it is set up so that the 2nd driving signal may go up towards the 
predetermined electrical potential difference V2 from an electrical potential difference 
VH2 when vibration of the meniscus produced after regurgitation termination of an ink 
droplet is most drawn in the pressure generating room 6 side and changes to a nozzle 
orifice 2 side (tO), shortly, it charges, and contracts and the pressure generating room 6 
carries out minute expansion of the piezoelectric transducer 9. 

[0033] Since the meniscus reversed so that it might move to a nozzle orifice side by minute 
expansion of this pressure generating room 6 is pulled back at a pressure generating room 
side, a meniscus has that kinetic energy reduced and decreases that vibration quickly. 
Therefore, the size of the dot on a record form can be adjusted to arbitration, without 
causing generating of ink Myst. 

[0034] Hereafter, an above-mentioned process operates the 1st drive signal generating 
circuit 26 and the 2nd signal generating circuit 28 synchronizing with a timing signal, for 
one terminal of a piezoelectric transducer 9, the 2nd driving signal is supplied for the 1st 
driving signal to an other-end child, and printing is performed. 

[0035] Thus, in order to impress the signal from the drive signal generating circuits 26 and 
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28 which became independent, respectively to the both-ends child of a piezoelectric 
transducer 9, the electrical potential differences Vhl and Vh2 of two drive signal 
generating circuits 26 and 28 will act on a piezoelectric transducer 9 independently. Also 
although a piezoelectric transducer 9 acts, about about 1 at the time of generating an 
electrical potential difference (Vhl+Vh2) by the single drive signal generating circuit / 2 
Therefore, ******, It not only can carry out thing use, but the variation rate of the same 
amount as this electrical-potential-difference Vhl+Vh2 will be carried out, and it can use a 
pressure-proof low thing for the electronic parts with the low pressure-proofing to a 
piezoelectric transducer 9 which constitute each drive signal generating circuit. 
[0036] In addition, in an above-mentioned example, although zero were taken and 
explained to shaft orientations at the piezoelectric transducer which carries out flexible 
displacement, even if it applies to the recording head using the piezoelectric transducer 
bent and displaced, it is clear to do the same operation so. 

[0037] Moreover, although the output time of each signal is controlled by the one-shot 
multivibrator in an above-mentioned example, it is clear that other timing control means, 
such as a microcomputer, can be used. 
[0038] 

[Effect of the Invention] As mentioned above, the ink jet type recording head which it 
expands [ recording head ], and the pressure generating room which is open for free 
passage to a reservoir through a nozzle orifice and an ink feed hopper is contracted 
[ recording head ] with a piezoelectric transducer, and makes an ink droplet breathe out in 
this invention as explained, The 1st signal which carries out electrical-potential-difference 
change with rate of change fixed in one direction from the electrical potential difference of 
arbitration, The 1st signal generation means which the 3rd which carries out 
electrical-potential-difference change with the 2nd signal holding a predetermined 
electrical potential difference and rate of change fixed from a predetermined electrical 
potential difference to the electrical potential difference of arbitration carried out signal 
generation, and was connected to one terminal of a piezoelectric transducer, The 4th signal 
which carries out electrical-potential-difference change with rate of change fixed in one 
direction from the electrical potential difference of arbitration, The 2nd signal generation 
means which generated the 5th signal holding a predetermined electrical potential 
difference, and the 6th signal which changes with rate of change fixed from a 
predetermined electrical potential difference to the electrical potential difference of 
arbitration, and was connected to the other-end child of a piezoelectric transducer, Since it 
had the control means which operates the 1st signal generation means and the 2nd signal 
generation means synchronizing with the timing signal from the outside The variation rate 
equivalent to the sum of the electrical potential difference of each signal generation means 
can be produced, and a piezoelectric transducer and electronic-circuitry components can be 
made to generate the ink droplet of the amount of ink suitable for printing, and a flying 
speed using a pressure-proof low thing only by the maximum voltage of each signal 
generation means making it act on a piezoelectric transducer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing one example of the ink jet type recording 
head used for the ink jet recording apparatus of this invention. 

[Drawing 2] It is the block diagram showing one example of the ink jet type recording 
apparatus of this invention. 

[Drawing 3] It is the block diagram showing one example of the control signal generating 
circuit in equipment same as the above. 

[Drawing 4] It is the circuit diagram showing one example of the 1 st drive signal 
generating circuit in equipment same as the above. 

[Drawing 5j It is the circuit diagram showing one example of the 2nd drive signal 
generating circuit in equipment same as the above. 

[Drawing 6] Drawing (I) thru/or (IX) are the wave form charts showing actuation of 
******** same-as-the-above equipment. 

[Drawing 7] drawing (**) or (Ha) it is drawing explaining each parameter which specifies a 
driving signal, respectively. 

[Drawing 8] It is the wave form chart showing an example of the conventional driving 
signal. 

[Description of Notations] 

1 Nozzle Plate 

2 Nozzle Orifice 

3 Pressure Generating Room 

8 Elastic Plate 

9 Piezoelectric Transducer 



[Translation done.] 
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-S§-£Em^®)*9, 9, 9----^»(l-S-f5«**CH- 
ft t fc«p^-e L O W u^M7>* * y Ht#Sr fcti* t X f+ 

y-ffi#l±, AND^-McJ:0*fi[Hltt3 3©?0 3> 
^«*i:afc3ia*:»fcix"Cija : ?-2 3t^>;7 h^D 

[0 0 14] $fc, #-5§-3 4l4, «*2 l^fcAXrfS 
Em^^-9, 9, 9 •••■12— Sci-Stfs; Mft^fl]^- 

^fcieit+s^y-e, andx- h^e>o«»ici^M 

[0 0 15] *(7)i»^2 4^b^yr/HeaS*ixSBl4 : 

^ 3 0, 3 0, 3 0 •••■©»««# fc* 13, W^ft*^ 
SB^-2 3 3&»bffl*$ixfcV7 h^o^{|f[:J:^i^ 
Oi/7 M/y^^$rMltv^7!J s/X^n^XF 
1, Fl, Fl, ••••(C7^^*il5o 7yf« 

# (S)6 (VIII) ) 14, ilfiiiro^tUHf^i^T^ 
9 LT y y f-ff-SHfe/Slsltt 3 5 d^ttl* * 

[ 0 0 1 6 ] m 4 (4, iElbffi-fH&±Hltt 2 6 <D-2ijfeF(j 

Sr^-rt<7)*cfeo-c, n4 3 ^'§-4 ot4, su^s^x 

^^MMl, M2lC(4«l**ixSl 0>#«B*IB 
(Tel) t»l«5*-^KB#BB (Thl) £OfrlTl = 
(Tcl + Thl) . ft««Fra (Tdl) t»2 0!>*-/WK^ 

ffl (Th2) £<£>*nT2 = (Tdl + Th2) SrSS-fSfc* 

0/^**1 (in 6 (in , (in) ) as&jestir^ 

[0017] #<7y->37 h-^vVfv^Xl'— ^Ml , 
M2^bm^i*'5^^^tD3i^±^ ( 9 , i*>Td $ !JI-J: 
"9, ^Jx^ftaW&lltT^S 1*7 Q2, 

[0018] ^«KB^&©^^^ yxm^«^2 2 

ntPS^/V^i (Tcl + Thl) <D'</l>Xl6%r (H6 

(II) ) *HJ*-fSo r©^^«*icj:f3 h7V^ 

[0 0 19] ft?(i!7>'>3 y K/l/f/q^U-^M 
(Tcl + Thl) =Tl^fi 
i§tTrtL^KIs-r6<t, F7yy^^Ql/5^7i:^ 
9, 4fc7Wg y ^M2^^^^ 
(H6 (III) ) ^iti^LT h7>-v^^Q3^^ 



(4) 



WW 5 ?! 1 -4 2 7 7 2 



[0020] r©«t5 4*i**-«t9, El 6 (iv) ii^ 

LfcJ; 9(cmiEV l *»e>«EEVHltc-3to4giE-e±# 

[0 0 2 1 ] £2BiMf*«£0»2 8<Z>-3l 

li^tt)^ot, H [ fflFt4Hl »2*^ 
>?mffl\s}&X\ mi ?4 5 V^»JIBIh]B4 0W!7^ 10 

[0 0 2 2] #!7^3j/h;^^MM3, 
M4lCll-tn-PJx*2©*«:«FBB (Tc2) tm3 0*- 
/UKfl#W (Th3) £(£>fDT3 = (Tc2+Th3) , ^2© 
M^fel (Td2) -e*>ST4SraS1*5fc«>^^* 

(B6 (V) , (VI) ) a*lS:jfci*;h/C^5„ 

[0023] #I7>">3 y hv;Uf/^7'U-^M3, 20 

HfT£*£ h7 yv^^Q 1 o£;fry, *y$M1rz>£ 

[0 0 2 4] £>©*>r 5 >{ffe^rtm=f-2 2 

|:A*t5t, 5 y^*J»lsIB&4 1 *»fi£i-5!7 y 

fl/CVa^^ST 3 (Tc2+Th3) <Ds*/i'X9^r (H 
6 (V) ) £aj*"fS. r^/^fttiaO 
^^Q8^yi:/^^ 3y7 f yfC2^h7^v/^ 30 
* Q 9 <t &£tR 3 J: <9 §-tlIt^ otSt 

^^l-5 0 -<oi:^9r^icj:i9=«yryf-c2(Z)^i; 
Ea*«K«;jEVH2i::*5 £ , *«»f^* s SftWtcW it 

[0 0 2 5] fcgfcyisisa y Fv;l/fyqyL/-^M 
3 0^^*^*SS-f 5«PBB (Tc2+Th3) =T3 3&5J£ 

^BT3©/^«t (16 (VI) ) &mfi\*Xh7> 

6 Q rcofemt^ h 7^**0 1 1 ir»SiR4 dricj: 

[0 0 2 6] rtOj: 9 4*»«tl<t 9, 116 (VII) Id 
^Lfc<t b lcgf3e«EV2A^«£EVH2(c— S^^E-C 
±#U rO«EVH2^-SB*PflTh3*««Ft, ^gte 

[0027] ^^(i^coj: 9 izm&LtzmM.tvmmi'D 

^TfftW1-5o «T*LfcJ:5(-»]»«#*^lH!K2 0 

^^ 3 0, 3 0, 3 0, ■■■•©l«(lf*7y^^7D 50 



6 

sy^ii* (li 6 (i) ) t^tt-r^t, mm 

«-§-5l4Is]B2 6Rtf»2B»«*JB£lsItt2 8j&sfis» 
3 0 I TEI W 9 ^-^oWi:, 4fcJ£«« 

««»* 9 iev 1 *»e>a:EVH*-c— ^©«ff± 

[0 0 2 8] r©JE*364S6^l»3R^J:!I)^y^«ft 

p8^Lty if — 4 ©>r y ^ t*EJi?k&& 6 nacjx 

«c3l#££H£o &»«■*#«]£ VHIKPJ**-* £ , 

3f)ei*BThio»PrB»tr<D«EVHi*ai«FL, 

[0 0 2 9] BIMItAStEV 1 (C|6]ttT*T1-6 t , 
WEVHU^SteWStlTV^ETOW^Q, 9, 9, 

\z± m >?tiilx\EE.£tixs X/ump 27i^b-f y^r^t 

[0 0 3 0] roJ:9i-LT»l^>f ?y^«J»!HlB4 
3r*>±#5fc, *2*>f 5y^fM»ll]ft4 loo^y-ya 

4 w * D|j?gstf5>r y ^awtta*:* »r3-&fc^ 

SK^Pifl^isv^rEEtiSib^ 9 <7)tt*ofiH^-ir* 2 IE 

[0 0 3 1] Z<Dtz*b, EE«S» J f-9(iBf3e«EV2j&> 
t>ll«IEVH2lClftttT-^«JEI»T*"e^fi(ijS! 

H)T-9fi> 2oon»{t#«)Si(-*aai'5«EE» (vhi 

1 + VH2) ©#*aEffiSrjBwLXflE*3g^S6*iR«$ 

[0 0 3 2] >f y^jB<©p£Hj»Ta(^i:sp*=^*^ 
ofi»36SEyj3g^S6ffi]lcftt>3l#a*4x, /X/i^lP 
2<7>Mc$5C£P#,6 (t0) T\ »2iEllbft#Ji s «EV 
H2rt>$>BfS£«EV 2 iC[pH1"t±#i"£ <£ 9 JCRg$*lT 
^£<£>T% Ellii' 9 l^tli^l^t W L, E 

[0033] r <o&i&£M 6 ^>^/J«?ii- J: >9 y X/u 

T, >f y^ 5 * h0*£**-t-wi:ft< , lE^ffl^±^ 
Kj/ hO+^XS:ft*lif)Bfe#5o 
[0 0 3 4] WT, 

LTS 1 MBj«-SHE£[h]» 2 6 ^t>^ 2 \t^^M^ 2 
8 4r^!B$-&-C, ESSIIi^S^-^oiB^iciiaiK 



(5) 



»6Wl 1-42772 



[0 0 3 5] r<OJ:5*-, E««»^9^iW«*l::*ix 

2 8<D«flEVhK Vh2^^tc^ffl1"^ r t In 

@K{cJ: 9«EE (Vhl + Vh2) £**£it:fc»&0>l3:tf 
i/2fiS3&5flFffl1-50tctBBe>i", r<Z>«EVhl + V 
h2tl^-*oSeffiSr-f6r EttBft^HiiB 10 

E<0(£^fc^ffifflt?*5tfa>!3^*<* 

[0 0 3 6] 4*5, ±i6©SI*«(c*3^-c(i, *i#Ir]I;: 
[0 0 3 7] ±56©3MSMI-*3^"Ctt#*#«)lii 
[0 0 3 8] 

5» 9fS«E*«»-*-5»2(0«#i:, iff 



»l^(i*«4^ai:»2 0«*3S*^ai:*^ffl 

*£«?TSS©>f >$m*. Em^®)^m^iHis&^p p D 

lcWE©fi^*>©*«fflLr5g*$ii:Sr t36S-e#6o 
[Hi] i&m<T>4^9*/*y MS»S«^ftffl+6^ 
5. 

[H!2] *«W<o>f > ^ v^x y hai2S8I^-» 

[B3] lRl±SS»lc*3tt5W»«#38^lHia<o-** 

[HI 4] P±3SH^*3(tS*i®»«#*^lH]»©-* 
JSWS:^i-|HlKlg|"CfeS, 

[15] l^±8«tc*3itS*2iE»ft#38^ls]B<D-* 

Ii6i i (i) jbm (ix) li^n-^npJi^gcoKi^ 

[Hi 7] 11 U) 7!?M (^) li*;h,**;ftJI2IM§*£S£ 

ims] &&<Dmmt^<n-m%7Fi-&Mmx&z> 0 

1 ;X;^u-h 

2 y x>n p 

3 E*«££ 
8 

9 izmmm* 



[D3] 



[H8] 



33 





1 -4 2 7 7 2 




(7) 



WBB¥l 1 -4 2 7 7 2 



[16] 



m M2m^i 

iv ginm 

V M3dtt 

VI UA&fi 

w mwutm 




t 0 



t 0 



(8) 



1 -4 2 7 7 2 




